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SUMMARY 


Fore© tests of two Isolated vee-tail surfaces with various 
amounts of dihedral were -mad© to provide an experimental verification 
of a simplified vee-tail theory and the results are presented which 
were found to "be in good agreement with calculations of HACA ACR 
No. L5A03. The tails had aspect ratios of 3 *70 and 5. 55 and were 
tested with dihedral angles of 0° to 50 ° and 0° to 59°> respectively. 
Plots of the "basic test data and summaries of the data in the forra " 
of plots of the variation of static -stability derivatives and. control- 
effectiveness parameters with dihedral angle are included. 


INTRODUCTION 


In reference 1 a simplified voe -tail theory was ‘presented which 
included a correlation with experimental data for two isolated tail 
surfaces having various amounts of dihedral. These experimental data 
consisted of lift and lateral -force parameters which were "baaed on 
slopes and increments obtained from plots of force -tost results. 
Because of the recently increased interest in vee tails, the complete 
force -test results including moment data which were not previously- 
given are presented herein. These results Include plots of all the 
basic force -test data and summaries of the data in the form of plots 
of the variation of different force and moment parameters with 
dihedral angle . The experimental data are correlated with calculations 
based on the simplified vee-tail theory of reference 1. 


SYMBOLS 


The relation of the angles and force coefficients for -the voe 
tail in pitch and sideslip are shown in figure 1. 

lift coefficient (Llft/qS) 

Cy lateral -force coefficient (y/qS) 
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rolling -moment coefficient (L/qSb) 
pitching -moment coefficient (M/qSc) 
yawing -moment coefficient (N/qSb) 
lateral force 
rolling moment 
pitching moment 
yawing moment 
dynamic pressure 


(~y), 


pounds per square foot 
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mean geometric chord, feet 

actual span (not projected), feet 

airspeed, feet per second 

mass density of air, slugs per cubic foot 

angle of attach of chord line at plane of symmetry, degrees 


angle of yaw, degrees 
angle of sideslip, degrees 

elevator deflection or elerudder deflection when elerudder 
surfaces are deflected upward or downward together, 
positive when both surfaces are down, degrees 

rudder deflection or elerudder deflection when eleruddor 
surfaces are deflected equal and opposite- amounts on the 
two sides, positive when right surface is up and left 
surface is down, degrees 


dihedral angle of tail surface measured from XY -plane of voe 
tail to each tail panel, degrees 
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control -effectiveness parameter 
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angle of attack measured in plane, normal to chord plane 
of each tail panel, degrees 

tail lift coefficient for unifoHa angle of attack on tail 
at 0 = 0° (sum of lifts measured in planes normal to 
chord planes of each tail panel as- shown .in. fig. 1(c)) ■ 

sum of changes in tail. lift, coefficient without regard to 
sign when tail is yawed at a <= 0° (one -half of lift is 
measured in plane normal to each tail panel as shown in 
fig. 1(d); equal and opposite span load distributions 
overlap so that 

ratio of sum of lifts obtained by equal and opposite changes 
in angle of attack of two semispans of tail. to lift 
obtained by an equal change in angle of attack for complete 
tail 

rate of change of lift coefficient with angle of attack, 

/acA 

per degree ( — ±L 

\ Sa / 

rate of change pf lift coefficient with elevator deflection, 

/Sc 

per degree [ 1 

rate of change of lateral -for ce coefficient with angle of 
sideslip, per degree 


© 


rate of change of lateral -force coefficient with rudder 
deflection, per degree 


/dcA 
\as r / 


rate of change of pitching "moment coefficient with angle 

/Sc \ 

of attack, per degree ( — — } 

\Scx / 

rate of change of .pitching-moment, coefficient with elevator 
deflection, per degree 
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rate of change of rolling -moment- coefficient with angle of 
sideslip, per degree 

rate of change of yawing -moment coefficient with angle of 
sideslip, per-degree 

slope of tail lift curve in. pitch measured in plane normal 
to chord plane of each tail 

rate, of change of yawing -moment coefficient with rudder 
deflection, per degree 

rate of change of rolling -moment coefficient with rudder 
deflection, per degree 






APPARATUS, MDXEIS, ARP TESTS 


The force tests of two isolated vee tails were made on the 
Langley free -flight tunnel six-component balance described in 
reference 2. The balance rotates with the model in yaw so that all 
forces and moments are measured with r.espoct to the stability axes. 

A sketch of the stability axes showing the positive direction of 
moments and forces is given as figure 2. 

The two isolated-tail-surface models are shown in figure 3 . 

Tall A had an aspect ratio of 5-55 and taper ratio of 0-39 

tail B had an aspect ratio .of 3 -70 and taper ratio of 0 . 56 . The 

tails were hinged at the root chord to permit variation of the dihedral 

angle, and streamline fairings were added to simulate the rear part 

of a fuselage. The dihedral angles were set at 0°, 19-5°, 38 . 8 °, 51 - 5 °, 

and 59 . 1° for tail A and were set 0°, -30.0°, 39-8°, and 50-3° for 

tail B. 

Force tests>were made of the two tails with various amounts of 
dihedral, with elevator deflections of 0°, 10°, and -ID 0 , and with 
rudder deflections of 0° and 10°. The tests rare made at a dynamic 
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pressure of 4.1 pounds per square 'foot, which corresponds to an 
airspeed of about 40 miles per hour and to test Reynolds numbers 
of 199,000 for tail A and 256,000 for tail B based on the mean 
geometric chords of the tails. 

The coefficients are based on true area, span, and mean 
geometric chord of the tail surfaces . The rolling and yawing 
moments are referred to ares intersecting at .a point 25 percent of 
the root, chord for each tail. The pitching moments are referred 
to the 25 -percent point of the mean’ geometric chord for each tail 
and for each dihedral angle to permit correlation of the experimental 
results with calculations based on simple trigonometric relation^. 


CALCULATIONS 


Calculations were made of the variation of some of the stability 
and control parameters with dihedral angle. The formulas used for 
calculating C-q , C L , Cy , and Cy correspond to formulas (5), 


<x 




formulas C 
equal to 


( 6 ), (7), and (8), respectively, of reference 1. In using thee© 

L was assumed to be equal to (Cj N and C^ T 

a N V a /r=0° ' a N 

/C-q \ . The constants E .of 0-7 for tail A and O.67 

v 6 e /r=o° 

for tail B were obtained from figure 2 of reference 1. 

The formulas for C m and C ’ are based on the formulas 

for ■ Cy and Cy , respectively. The variation of C, wi'th 
a ■ u & e tp 

dihedral angle was estimated by the empirical formula. 


. ■ 0j , slur UH) ■ 

l P- > T / r=0 o • . 

The control -effectiveness parameter T was obtained from the ratio 
of Cr to for' the 0° dihedral condition. No simple empirical 


®r 


relationship could be formulated for the variation of Cy, and Cy, 

with dihedral, therefore, no calculations were made for these parameters 
It was assumed that Cn would not vary with dihedral angle except 

°r 

in cases of interference between the two sides of the tail. 
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RESULTS AM) DISCUSSION 


The "basic force-test data are presented, in figures 4 to 6 Tor 
tail A and in figures 7 to 9 for tail B . Figures 10 and 11 show a 
comparison of calculated and measured values of stability and con-tool 
parameters for both tails. The measured values of the stability 
parameters were obtained from the slopes of the curves in figures 4 
to 9 and the values of the control parameters were tahen as the . 
increments between the curves for different control deflections in. 
these figures . ... 


In general, the agreement between the calculated and experimental 
data of figures 10 and 11 is fairly good except at the high dihedral 
angles where interference between the two panels of the vee tail 
occurs . A comparison of the data of C L and Cy shews that at 


the high dihedral angles the vee tail is more effective in pitch and 
less effective in sideslip than the calculations indicate. The C, 


data also show lower measured effectiveness in sideslip than the 
calculations indicate at the high dihedral angles. The values 


of C r 




and C T 


L 5r 


increase with increasing dihedral angle but there 


is no consistent variation of 



with dihedral. 
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FtgUhe 2- The stability system of axes. 
This system of axes /s def/ned as 4/7 orfhocf- 
onat system //? wh/ch the Z-OX/s as//7 the 
plane of symmetry and perpendicular*' to 
the reJat/ve W/nd > the X~o/X/s is f/7 the p/one 
of symmetry and perpendicular to the Zf 
ax/s, a/ncj the V-ax/s js perpend/cu/ar to the 
p/c/ne o f eymn?etrjx, Arrows /nd/ carte positive 
d/recf/ons oZ/nomepfs ana/ forces. 
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■y.-yuienf, t-rj coefficient, Cy coefment, Cn coefficient, C 


Fig. 6a, b 
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Figure 6.- Pol ling -moment, yamry -moment, and lateral-force characteristics Of tail A with various 
. hlTt Jral anak's. •S f -cX - .. 
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Fig. 6c ,d 
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Angle of attack ,00, deg 


Figure 7 - Lift and pitching -moment characteristics 0 
of tail 8 H/th various dihedral angles. 6^ = 6r 0 . 
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Fig. 8 



Ang/e of cyffarcA, cC, deg Ancy/e of adack, oC, deg 

f/aure 3. ~ E/ei/ctAor effectiveness- of to 7 / 3 iv/ffi var/ous 
d/fec/ra/ angles. f*O a , 
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Fig. 10 
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f/gare /O. - Var/af/on of //fP croc/ p/fcP/zyg- 
rnornenf para/7?efer<s zu/ff d/hedra/ ano/f. 
cf=d r ~or u 







Fig. 11 









